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Introduction
Research Questions
One main research topic of the interdisciplinary project „City 2020+: Engineering life quality for the future - The City under Global
Demographic and Climate Challenges“ (Schneider et al., 2011) is the interrelation between urban summer heat load and cooling effects.
Because many cities are situated in complex terrain, nocturnal cold air drainage flow is a typical climatological process which can con-
tribute to urban cooling. In this case study from the city of Aachen, Germany, phases of urban development in a small suburban valley
and the correlating climatological conditions are presented in their historical and administrative context using a climatological model
(KLAM_21) run with historical environmental land use information.
Cold air drainage flow is an important climatological effect in many cities, because in urban history, valley plains along the urban-rural
fringe were often developed less intense or left as open spaces. While many cities grew fast from small settlements to their present size,
these areas on the one hand form ventilation paths which can play a major role in urban mitigation strategies against air pollution and
heat stress. On the other hand, such plots often are subject to urban development requests and, thus, elements in public discourses.
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The increasing number of steam engines as well
as increasing emissions from households
caused public discussions about air pollution 
and its effects on a regional scale .
The newspaper article below reports on a talk
given by a professor of botany from RWTH 
Aachen University in 1910. He tried to estimate
whether an industrial location in the north of
Aachen might cause the same severe problems
as he had observed in the nearby city of
Stolberg. 
Historical land use can only
partly be reconstructed. Maps
like the “Tranchot-Map” or
the “Preußische Uraufnahme” 
form the basis for the land
use model used in this study. 
Due to uncomplete sources, 
the real building structure can
only partly be understood , 
for example varying building
height is not well documented
(see photo from the late 19th 
century). 
Changes in the agricultural
areas remain mostly unclear, 
land use can only be
estimated roughly.
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Important elements of urban 
infrastructure in the years 
around 1914 can be 
reconstructed better. But 
although e.g. road types or
parks are mapped, their
physical characteristics often
remain unknown and have to
be generalised for modeling. 
Until the beginning of the 
20th century, the medieval 
city walls have almost 
completely disappeared, while 
railway embankments formed 
new obstacles for urban 
ventilation.
Area of Investigation
The positive bioclimatic and air quality effects of cold air drainage flow from several small valleys on urban climate are well recorded in
Aachen. For the small valleys of Kannegießerbach and Ponellbach, numerous results from climatological measurements, extensive histo-
rical data and information on development procedures as well as model results are available. Urban development, highlights of environ-
mental history and the state of cold air drainage flow are outlined for 4 stages: 1803/20, 1914, 2010 and a future development scenario.
The razing of the medieval city walls and the introduction of the first steam engines in the city were important factors of urban deve-
lopment in Aachen influencing air quality in the first part of the 19th century. Until 1914, extensive steam engine usage caused mas-
sively increasing emissions while the city grew (“Gründerzeit”) and railway embankments partly separated the city from its rural
surroundings. During the 20th century, growth of suburban structures and increasing emissions from traffic and private households were
dominant, while industry was displaced from the city center. Currently, high-grade building projects at environmentally sensitive sites, ge-
nerally increasing building density in suburban areas and steady land use change in rural areas around the city are typical phenomena.
The planned development of office buildings in 
the new public park lead to a serious political
conflict. A local action group initiated discussions
on the environ-mental importance of green
space close to the city center.
The situation until the 1970s 
was dominated by the building
complex of the old university
hospital, which has almost
completely been removed in 
1985. 
This area nowadays is used as
a public park, but the official
registration as public space in 
the land development plan 
was later changed for office
buildings (which after all were
not realized). 
Since the 1970s office buil-
dings for the Polytechnic
School and students´ hostels
were built. Later, a super-
market complex was estab-
lished.
Today, the location of the
investigation area close to the
city center leads to a rising
number of building appli-
cations. Land development 
plans change often, allowing 
more and more dense 
development. 
This „worst case“ future
development scenario is
based on the assumption that
the observable demand would
be satisfied without severe
restrictions and residential
houses will be built in a 
considerable extend. Open 
space is widely replaced by
park-like dense vegetation. 
The model comparison between a widely
obstructed valley and the present situation for
nights with cold air drainage shows a warming
effect in central parts of the city combined with a 
loss of ventilation intensity. Wide areas will 
probably be more than 0,5oC warmer and
receive more than 15% less cold air. In central
parts of the city the combined effect will reach
2,5oC and 50%.
According to the KLAM_21 model results, in the 1803/20 situation huge
amounts of cold air ran down the valleys into the city. The basin, in 
which the city is located , must have been filled with cold air complete-
ly. The nocturnal cooling was up to 14oC for the model situation. Under
these conditions, it is difficult to estimate whether the cold air flow lead
to mitigation effects for the emissions of the first steam engine (see
marked position) by prevailing impacts of good air ventilation or rather
to bad air quality caused by strong temperature inversions. 
In 1914 the nocturnal cooling is slightly reduced. Cold air drainage is
already chanelled along the main roads and quantitatively reduced.
The most important emmitents until the end of the 19th century were 
industrial steam engines. Because their position and size is only partly 
known, the estimated number of employees in clothing (orange), 
needle (red) and other metal industry (blue) is given here to illustrate 
probable steam engine usage. The main emissions were located outside 
the main cold air flow improving ventilation functions.
Model results show a clearly reduced nocturnal cooling. Cold air flow
into the city is considerably reduced, which is obviously caused by the
increased built up area in the valley. Only one stream of cold air can
continue: cold air accumulation in front of the railway ambankment
leads to a cold air deviation along the railway track.
Traffic emissions interfere with the ventilation effects of cold air
drainage flow. The road network crosses cold air paths. Thus, serious
pollution of ventilation paths is possible.
A distinct expansion of housing areas in the investigation area would, 
according to the model results, reduce cold air flow in such a degree, 
that central parts of the city would no longer be reached (white
colour). Cold air cooling and ventilation effects, thus, would completely
be lost here. 
In the upper parts of the valley, cooling and cold air drainage flow are 
reduced, but do not completely disappear.
Steam engines were installed in cloth factories
in Aachen's city center since 1817. Their
emissions caused complicated arguments
between factory owners, their neighbours and
the city administration right from the start. 
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